Lepton flavor violation in intersecting D-brane models  by Dutta, Bhaskar & Mimura, Yukihiro
Physics Letters B 638 (2006) 239–245
www.elsevier.com/locate/physletb
Lepton flavor violation in intersecting D-brane models
Bhaskar Dutta ∗, Yukihiro Mimura
Department of Physics, Texas A&M University, College Station, TX 77843-4242, USA
Received 20 April 2006; received in revised form 4 May 2006; accepted 11 May 2006
Available online 22 May 2006
Editor: M. Cveticˇ
Abstract
We investigate lepton flavor violation in the context of intersecting D-brane models. We point out that these models have a source to generate
flavor violation in the trilinear scalar couplings while the geometry of the construction leads to degenerate soft scalar masses for different genera-
tions (as in the minimal supergravity model) at the string scale. The trilinear scalar couplings are not proportional to the Yukawa couplings when
the F -term of the U -moduli contribution is non-zero. Consequently, the lepton flavor violating decay processes are generated. Only other sources
of flavor violations in this model are the Dirac neutrino Yukawa coupling and the Majorana couplings. The observed fermion mixings are realized
from the “almost rank 1” Yukawa matrices, which generate a simple texture for the trilinear scalar terms. We calculate the branching ratios of
τ → μγ , μ → eγ and the electric dipole moment of the electron in this model. We find that the observation of all the lepton flavor violating decay
processes and the electric dipole moment will be able to sort out different flavor violating sources.
© 2006 Elsevier B.V. Open access under CC BY license. 1. Introduction
The standard model is well established to describe physics
below the weak scale while it also has a number of parameters,
especially in the flavor sector. Indeed, the patterns of masses
and mixings for quarks and leptons are not very simple and
should be explained by a more fundamental physics beyond the
standard model where the masses and the mixings are described
by some fundamental parameters.
Although supersymmetry (SUSY) is the most promising
candidate of new physics, it does not solve flavor puzzles.
Rather, it increases the number of parameters with flavor in-
dices to more than hundred in general. The SUSY breaking
parameters with flavor indices are constrained to suppress fla-
vor changing neutral currents (FCNC) and one expects that
the FCNC suppression may be realized by a flavor symmetry,
which may give us a hint of the fundamental physics for flavors.
The minimality of the SUSY breaking parameters is as-
sumed in the minimal supergravity (mSUGRA) mediated
SUSY breaking scenario [1]: SUSY breaking scalar masses
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Open access under CC BY license. are universal and the scalar trilinear couplings (A-terms) are
proportional to the Yukawa couplings. The degeneracy of the
SUSY breaking masses corresponds to the U(3)L × U(3)R
flavor symmetry. On the other hand, it is hard to relate the
proportionality of A-terms to such flavor symmetries since the
Yukawa couplings themselves break the symmetries.
The fundamental questions for the flavor sector are the fol-
lowing: (1) Why do fermions replicate with different masses?
(2) Can we explain the pattern of the masses and the mixings
for quarks and leptons? (3) Why does the flavor symmetry seem
unbroken in the SUSY breaking mass terms, while the fermion
masses break the flavor symmetry? (4) Is the A-term propor-
tionality feasible? When is this proportionality feasible? How
does it look like if it is not proportional?
The intersecting D-brane models [2–4] may answer such
questions. The standard-like models can be realized in these
models and the effective supergravity Lagrangian is calcula-
ble [5–8]. The Yukawa coupling is obtained as an open string
scattering for the triangle formed by the D-branes. In simple
models, the Yukawa matrices are written in the factorized form
due to the fact that the left- and the right-handed fermions are
replicated at the intersecting points on different tori [5,9]. As
a result of the factorized form of the Yukawa coupling, the
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fermions are massive. In order to construct a realistic model,
this issue of Yukawa matrices needs to be resolved and several
possibilities have been considered [9,10]. In Ref. [10], we have
discussed that the observed patterns of fermion mixings can be
easily reproduced if the Yukawa matrices are almost rank 1.
The Kähler metrics of the zero modes can also be calculated
as string scattering amplitudes [6] in terms of the moduli fields:
dilaton S, Kähler moduli T , and complex structure moduli U .
The Kähler metrics are diagonal for the zero modes, and the
metrics for the bifundamental fields are determined by the brane
configuration parameters such as the relative angles of the D-
branes. Since the relative angles are common when the fermions
are replicated at the intersection of the D-branes, the Kähler
metrics are flavor invisible. Consequently, the SUSY breaking
scalar masses are same for different generations.
When the Kähler metrics remain same for each generation,
the Kähler connection parts (which are the derivatives of Käh-
ler metric) of A-terms are common. Thus, the non-proportional
part of the A-term is only the derivative of the Yukawa cou-
pling. The Yukawa couplings which are given as theta functions
depend only on the U -moduli [8], neither on the S nor the
T -moduli. As a result, the trilinear scalar couplings are pro-
portional to the Yukawa coupling when the F component of
the U -moduli is zero. If FU = 0, the non-proportional part of
A-term is acquired, which is proportional to the derivative of
the Yukawa matrices.
In this Letter, we emphasize the degeneracy of the SUSY
breaking mass terms and the U -moduli contribution of the tri-
linear scalar couplings. These contributions are related to the
flavor violation and we will study the lepton flavor violation
(LFV) processes since the flavor violation in the lepton sec-
tor produce much more stringent constraint rather than in the
quark sector. The LFV processes, such as μ → eγ , τ → μγ
and τ → eγ , are not yet observed, but we have bounds on the
branching ratios of these decay modes [11]. Since the flavor
degeneracy of the slepton masses at the cutoff scale is real-
ized naturally, the U -moduli contribution of A-terms can be one
of the major sources of flavor violation. We will calculate the
branching ratios of different LFV decays and the electric di-
pole moment (EDM) of the electron, and study whether we can
learn the origins of flavor violation from the forthcoming exper-
iments.
This Letter is organized as follows: In Section 2, we will
study the low energy effective action of the zero modes for
matter fields in intersecting D-brane models. In Section 3, we
investigate the sources of LFV. In Section 4, we will calcu-
late branching ratios of the LFV decays and the EDM of the
electron, and compare the results with different setups of flavor
violation. Section 5 is devoted to conclusions and discussions.
2. Effective action in the intersecting D-brane models
Our purpose is to deal with the flavor physics and study
its phenomenological implications in the intersecting D-brane
models. In this section, we will explore the flavor sector of themodels without concentrating on the details of any individual
model.
The MSSM-like models can be constructed easily by in-
troducing three sets of intersecting D-branes. For example, in
the type IIA orientifold models with T 6/Z2 × Z2 and with
the intersecting D6-branes, the N stack of D-branes can form
SU(N/2) gauge fields. Massless chiral fermions belong to
the (N/2, M¯/2) bi-fundamental representation can appear at
the intersection between the N stack and the M stack of D-
branes. So, introducing a, b, c branes for U(4)c , U(2)L and
U(2)R , respectively, we can obtain Pati–Salam-like model [12]
with quark and lepton fields [13]. The SU(4)c and SU(2)R
symmetries are broken to SU(4)c → SU(3)c × U(1)B−L and
SU(2)R → U(1)R by brane splitting [14], and U(1)B−L ×
U(1)R is broken down to U(1)Y by the Higgs mechanism.
When the branes are parallel to the orientifolds, the USp gauge
symmetry arises. The SU(2) gauge symmetry in the standard
model can originate from the USp brane. In order to eliminate
the RR tadpole, extra branes are often needed and they may
form hidden sectors [15].
Since the extra dimensions are compactified to T 6 = T 2 ×
T 2 × T 2, the D-branes intersects multiple times and the gener-
ations of the fermions are replicated. The intersection numbers
Iab for Da and Db branes are topological invariant and can be
given by the wrapping numbers and the total magnetic fluxes
(nra,m
r
a), Iab =
∏3
r=1(nramrb − mranrb), where r represents in-
dex of each torus. In a simple choice to obtain three generations,
the left-handed matter Ψ ab and the right-handed matter Ψ ca are
often replicated on different tori.
The important implication of the family replication is that
the Kähler metric is flavor diagonal:
K = Kˆ(M,M¯) + Kab(M,M¯)Ψ abi Ψ¯ abi
(1)+ Kca(M,M¯)Ψ cai Ψ¯ cai + · · · ,
where M stands for the S, T and U moduli and the index i is
for the flavor index. In addition to the flavor diagonal nature,
the Kähler metric for Ψ ab does not depend on flavor indices for
Iab = Ica = 3. The Kähler metric Kab(M,M¯) is determined by
the relative angles θrab of the D-branes [6–8]:
(2)Kab ∝ eφ4
∏
r
(Ur + U¯r )−νr
√
Γ (1 − νr)
Γ (νr )
,
where φ4 is a 4-dimensional dilaton and νr = θab/π , which are
functions of S and T moduli. The moduli dependence of the
Kähler metric is determined by the geometrical parameters, and
thus the metric is flavor invisible. Therefore, the SUSY break-
ing scalar mass for the left-handed matter is given below [16]
and it has the flavor degeneracy:
(3)m2ab = m23/2 + V0 −
∑
M,N
F¯ M¯FN∂M¯∂N logKab,
where m3/2 is a gravitino mass and V0 is the vacuum expec-
tation value of the scalar potential. The scalar mass squared
m2ca for the right-handed matter can be similarly written and
can also have the flavor degeneracy. Since the relative angles
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essarily universal for different representations of matter. We
note that the flavor degeneracy can be broken when 2 + 1
decomposition of the generation is considered, for example,
Iab = 2 and Iab′ = 1, where b′ is a orientifold reflection of the
brane b. We will choose Iab = Ica = 3 from now on and there
is a U(3)L × U(3)R flavor symmetry in the SUSY breaking
scalar mass terms at the string scale. We emphasize that such a
mSUGRA-type flavor structure can be obtained by a geometri-
cal setup of the D-branes.
The Yukawa coupling Ψ abΨ bcΨ ca is induced by the three-
point open string scattering. When the left-handed matter Ψ ab
and the right-handed matter Ψ ca are replicated in different tori,
the Yukawa coupling is factorized:
(4)Yij = xLi (U1)xRj (U2).
The xL,Ri can be written by theta function [5] with some geo-
metrical parameters such as ε. Naively, these are given by e−kA
where A is the area of the triangle formed by the branes. The
Yukawa couplings do not depend on the S and T moduli but
depend on the complex structure moduli U .
When the Yukawa coupling is factorized, the matrix is rank
1 and consequently the U(2)L × U(2)R flavor symmetry re-
mains and the fermions of 1st and 2nd generations are massless.
Surely such a situation is not viable, and there exists several dis-
cussions on this issue [9]. For example, we have suggested that
the multi-point function of the string scattering including extra
branes can increase the rank of the Yukawa matrix [10]. In this
Letter, we do not specify how to increase the rank, but we as-
sume the factorizability of the Yukawa coupling at the leading
order since this assumption leads to interesting phenomenolog-
ical implications which we will see in the next section.
The scalar trilinear coupling (A-term) is given as [16]
(5)Aij = FM
[(
KˆM − ∂M log(KabKbcKca)
)
Yij + ∂MYij
]
,
and the coupling is proportional to the Yukawa coupling if
FU = 0. However, when FU = 0, the flavor violation is gen-
erated,
(6)FUr ∂Ur Yij = FU1 x˙Li xRj + FU2xLi x˙Rj ,
where x˙ stands for the derivative by the U moduli. The U
moduli contribution in the A-term can be the source of flavor
violation. In this Letter, we will emphasize the effect of the U
moduli contribution.
3. Possible sources of lepton flavor violation
In this section, we will describe the sources of the LFV
processes such as μ → eγ and τ → μγ .
When the SUSY breaking masses are universal and the
A-term coefficient is proportional to the Yukawa coupling, there
is no source for any LFV. However, even if there exists no LFV
source in the SUSY breaking parameters at the cutoff scale, the
sources for LFV can be generated through the neutrino Dirac
Yukawa couplings as long as the coupling matrices are not pro-
portional to the charged lepton Yukawa matrix. The Majoranacouplings can also generate LFV. The Majorana couplings can
be generated by multi-point functions in each torus [10]. These
couplings for left- and right-handed leptons are given as
1
2
fLΔL + 12
(
f eeR e
cecΔ−−R + f ννR νcνcΔ0R
(7)+ √2f νeR νcecΔ−R
)
.
As it has been emphasized, the SUSY breaking scalar
masses are universal due to the geometrical setup. On the other
hand, if the F -terms of U -moduli are zero, the A-terms are
proportional to the Yukawa couplings. However, the non-zero
values of FU provide a source of LFV in the form as shown in
the Eq. (6). Let us see the U -moduli contribution in the con-
text of the almost rank 1 Yukawa matrices [10]. The Yukawa
matrix for the charged-leptons is given as Ye = Y0 + δY where
the rank 1 matrix is given as (Y0)ij = xLi xRj and δY is a small
correction.
Denoting xLi = (c1, b1, a1)T, we obtain the approximate di-
agonalization matrix U0L
(8)U0L =
⎛
⎝ cos θLs − sin θLs 0cos θLa sin θLs cos θLa cos θLs − sin θLa
sin θLa sin θLs sin θLa cos θLs cos θLa
⎞
⎠ ,
where tan θLs = c1/b1 and tan θLa =
√
b21 + c21/a1. The right-
handed U0R can be also described similarly. Assuming that the
SU(2)L triplet Majorana part is dominant in the type II seesaw
[17], the two angles θLs,a are generically large. When we work
on the basis where the light neutrino mass matrix is diagonal,
the MNSP matrix can be written as
(9)UMNSP = V e∗L U0L,
where V eL is a diagonalizing matrix of U
0
LYeU
0T
R (= Y daig0 +
U0LδYU
0T
R ). We obtain the mixing angles for neutrino oscilla-
tion as follows [10]: sin θ13  sin θLa sin θe12, θatm  θLa , θsol 
θLs ± θ13 cot θatm cos δMNSP, where θe12 is a mixing angle in V eL,
and θe13 and θ
e
23 are neglected since they are expected to be
small as in the quark sector. The atmospheric neutrino mix-
ing is almost maximal and the solar mixing angle is large but
not maximal since c1  b1  a1 and tan θLa =
√
b21 + c21/a1,
tan θLs = c1/b1. In the case of quark–lepton unification, we have
V eL ∼ V dL ∼ V †CKM which leads to UMNSP = V TCKMU0L [18].
Let us see the U -moduli contribution which is proportional
to a derivative of Yukawa coupling in the basis where the
charged lepton Yukawa matrix is diagonal: UeLYeU
eT
R = Y diage .
Since U0LxL = (0,0,
√
a21 + b21 + c21)T, the derivative of the
rank 1 part (Y0)ij = xLi xRj is written as
(10)UeL(∂UY0)Ue†R = V eL
⎛
⎝ 0 0 x0 0 x
x x x
⎞
⎠V e†R ,
where the non-zero values in the entries are shown by x. Note
that the (1,3) and (3,1) elements in the above matrix become
zero when tan θL,Rs = 1. Since the mixing angles in V e areL,R
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ements Ai3 and A3i can be large. In fact, the experimental
bounds Br(μ → eγ ) < 1.2 × 10−11 [11] and the EDM of the
electron |de| < 1.6 × 10−27 [19] provide the most severe con-
straint on A12 and ImA11. Due to the structure of Eq. (10),
Ai3 and A3i from the U moduli contribution can be the sources
of LFV while keeping the elements A12 and A11 to be small.
The U -moduli contribution can generate the off-diagonal ele-
ments of SUSY breaking scalar mass squared matrices through
the RGEs. In the minimal SUGRA, the non-proportionality of
the A-term never develops.
We enumerate the sources of LFV in the SUSY breaking
scalar mass matrices at the weak scale in the mSUGRA model
as follows:
1. Neutrino Dirac Yukawa coupling.
The neutrino Dirac Yukawa coupling Yν can generate the
off-diagonal elements of left-handed SUSY breaking slep-
ton mass matrix m2
˜
. Hence, the chargino contribution can
dominate in the LFV processes. The RGE effects are de-
coupled at the right-handed neutrino Majorana mass scale.
2. Majorana coupling for left- and right-handed leptons.
The left-handed Majorana coupling fL is needed in type II
seesaw. The right-handed Majorana coupling fR also par-
ticipates in the light neutrino mass when B − L charge is
gauged. The Majorana coupling fL and fR can generate the
off-diagonal elements of both left- and right-handed slep-
ton mass matrices, m2
˜
, m2
e˜
. The RGE effects are decoupled
at the ΔL,R mass scale, and the right-handed neutrino Ma-
jorana mass scale for f νeR coupling.
3. SU(5) GUT [20] or the left–right unification [21].
Since the right-handed selectron can be unified in the 10-
dimensional representation of the SU(5) grand unification,
the off-diagonal elements of right-handed selectron can
be generated above the unified scale. The generated off-
diagonal elements of m2
e˜
are related to the CKM mixings. In
the left–right unified models, the two Higgs bidoublets are
needed to generate the CKM mixings, and the two differ-
ent Yukawa matrices are sources of off-diagonal elements
for both left- and right-handed sleptons. We do not discuss
these sources in this Letter.
4. Numerical studies
In this section, we will show the numerical calculations of
the branching ratio of the LFV decays and the EDM of the elec-
tron in the context of intersecting D-brane models.
We set up the parameters to show the numerical results as
follows. The charged lepton mass matrix is given as rank 1
matrix plus small correction. The rank 1 matrix is given as
(Y0)ij = xLi xRj and xLi = (c1, b1, a1) in the basis where light
neutrino mass matrix is diagonal. In the minimal brane config-
uration, the parameters are given [10]
(11)
a1 : b1 : c1 = ϑ
[
ε
0
]
(t) : ϑ
[− 13 + ε
0
]
(t) : ϑ
[ 1
3 + ε
0
]
(t).For the calculation, we use ε = 0.1 and t = 1.5. Then θLa = 47◦
and θLs = 37◦. For simplicity, the Yukawa matrix is assumed
to be symmetric. Then U -moduli contribution of the A-term
which is proportional to the derivative of Yukawa coupling is
calculated in the basis where the charged lepton Yukawa matrix
is diagonal
(12)AUe = cA0V eL
⎛
⎝ 0 0 0.220 0 0.26
0.22 0.26 0.84
⎞
⎠V e†R ,
where A0 is a dimensionful coupling coefficient and c is a co-
efficient. If FU = 0, c = 0, the trilinear coupling is given as
Ae = A0Ye + AUe . More precisely, the U -moduli derivative of
the correction matrix δY may also contribute, but we neglect
its contribution here since its U -moduli derivative does not ap-
pear to be large and has a model dependence. We will choose
the mixing angles in V eL = V eR as θe12 = 0.1, θe23 = 0.05 and
θe13 = 0.005. There can be 5 phases in the unitary matrix V eL up
to an overall phase in general, but for simplicity, we assume that
there is no CP phase in V eL. In the choice above, Ue3 = 0.07 and
θsol = 33◦.
The neutrino Dirac coupling can be written as Yν =
V eνL Y
diag
ν V
eν†
R in the basis where the charged-lepton Yukawa
coupling is diagonal. In a general scheme, the unitary matrix
V eνL is completely free. For example, V
eν∗
L is the MNSP matrix
when type I seesaw is dominated and the right-handed neu-
trino Majorana mass matrix is proportional to identity matrix.
However, in the present scheme of “almost rank 1 Yukawa ma-
trices”, the unitary matrix V eνL is close to an identity matrix like
the CKM matrix, and V eνL  V eL when the Dirac Yukawa cou-
pling Yν is hierarchical like up-type quark masses. We will use
V eνL,R = V eL to express the numerical result.
4.1. LFV decays
We plot the branching ratios of τ → μγ and μ → eγ in
Fig. 1. For the SUSY breaking parameters, we assume that
Fig. 1. The branching ratios of the LFV decays are plotted. In the plot, slepton
mass at cutoff scale is varied with 50 GeV steps. The detailed parameters we
used are given in the text. Dashed lines are drawn for the current experimen-
tal bounds at 90% CL. The lines are plotted for the following cases: (case 1)
Yντ = Yt and c = 0, (case 2) Yντ = 0.1Yt and c = 0.1, (case 3) Yντ = Yt and
c = 0.1. c is the coefficient given in Eq. (12).
B. Dutta, Y. Mimura / Physics Letters B 638 (2006) 239–245 243Fig. 2. Plots for the ratio of branching ratios. The lines are plotted for the following cases: (case 1) Yντ = Yt and c = 0, (case 2) Yντ = 0.1Yt and c = 0.1, (case 3)
Y = Y and c = 0.1.ντ tm2
˜ij
= m2
e˜ij
= m201 and Ae = A0Ye + AUe at the cutoff scale
M∗ as we have mentioned. In the intersecting D-brane mod-
els, the SUSY breaking scalar mass is not necessarily univer-
sal for different representation, though the flavor degeneracy
is achieved. We assume that the left and right scalar masses
to be same just for simplicity. The cutoff scale is related to
the string scale and the volume of the extra dimensions. We
choose that M∗ = 1017 GeV in the calculation. We take gaug-
ino mass M1/2 = 500 GeV at M∗, A0 = 500 GeV and higgsino
mass μ = 500 GeV (we choose the signature of μ to make the
SUSY contribution of anomalous magnetic moment of muon to
be positive). The value of tanβ which is the ratio of the vacuum
expectation values for Higgs fields is taken to be tanβ = 50.
The amplitudes for the LFV decays are naively proportional to
tanβ , thus the branching ratios are ∝ tan2 β . In Fig. 1, we vary
m0 in 50 GeV steps and the maximal value is m0 = 1250 GeV
(which corresponds to the lightest stau of about 1 TeV). In or-
der to show the results clearly, we assume that the LFV sources
are only the Dirac neutrino Yukawa coupling and the U -moduli
contribution in Ae . We neglect the sources arising in the Majo-
rana couplings (Eq. (7)) by assuming them to be small. In the
plot, Dirac neutrino coupling is the only source in the case 1. We
take the largest right-handed Majorana mass to be 1015 GeV. In
the case 2, the U -moduli contribution is the dominant source of
LFV. The case 3 has both sources. It is easy to see that the neu-
trino Dirac couplings makes the branching ratio Br(τ → μγ )
large. This is because that these couplings generate the off-
diagonal (2,3) element of the left-handed slepton mass matrix
and contributes to the chargino diagram of τ → μγ . The fla-
vor violation source arising from the neutrino Dirac couplings
can contribute to the μ → eγ decay since the (1,3) element
is also generated, but this element is smaller than the (2,3) el-
ement. If we switch on the U -moduli contribution, the (1,3)
element can be comparable to the (2,3) element and thus, the
U -moduli contribution increases the μ → eγ decay rate more
than the τ → μγ decay rate. The reason for the behavior of
the lines being different (in Fig. 1) when m0 is smaller than
400 GeV is that the Bino–Bino diagram dominates rather than
the chargino diagram due to the large left–right mixings of the
slepton. The qualitative behaviors of the cases 1 and 2 are not
very different even if we change the numerical parameters, but
the case 3 depends much on the initial condition such as A0and μ since there can be a slight cancellation among the di-
agrams. The right- and left-handed lepton decays do not have
interference, and a huge cancellations among the diagram for
the branching ratios happen hardly.
The branching ratio for each decay mode depends on the
initial conditions. However, as shown in the Fig. 2, the ratio of
the branching ratios can be a good prediction for different LFV
sources. In the figure, we use the same initial conditions as be-
fore. The ratio of the branching ratio is almost determined by
the mixing angles in V eνL for the case 1 and the ratio of the (1,3)
and the (2,3) elements in the AUe for the case 2. Therefore, if
all the branching ratios for τ → μγ , τ → eγ and μ → eγ are
measured, we can obtain important information to identify the
LFV source. In fact, the following relations are satisfied approx-
imately: Br(μ → eγ )/Br(τ → μγ ) ∼ (θe13)2/Br(τ → μν¯μντ )
for the case 1, ∼ (Ae13/Ae33)2/Br(τ → μν¯μντ ) for the case
2 and Br(τ → eγ )/Br(τ → μγ ) ∼ (θe13/θe23)2 for the case 1,
∼ (Ae13/Ae23)2 for case 2. In the case 3, the LFV sources
are mixed, we do not have such simple expressions. These ra-
tios of the branching ratios do not depend much on the initial
conditions such as m0, A0, M1/2, μ and tanβ if the chargino di-
agram provides the dominant contribution. When the sleptons
are light and the left–right mixing becomes large, the Bino dia-
gram can contribute to μ → eγ and bends the lines for the ratio
Br(μ → eγ )/Br(τ → μγ ) in Fig. 2 for smaller m0.
The large Majorana couplings f can contribute to the LFV
decays due to its off-diagonal terms. If the type II seesaw
dominates the neutrino masses, the ratios of the branching ra-
tios are almost determined by the neutrino mixings when the
Majorana couplings are the dominant sources of the LFV de-
cays. In this case, the ratio Br(μ → eγ )/Br(τ → μγ ) is about
U2e3/Br(τ → μν¯μντ ) while the ratio Br(τ → eγ )/Br(τ → μγ )
is about (Ue3/Uμ3)2  (θe12)2. The first value is similar to the
pure U -moduli case (case 2) and the second value is similar to
the Dirac neutrino case (case 1). Thus the observation of the
ratios can sort out the LFV sources.
Usually, the 13 mixing is smaller than the 23 mixing in V eνL
or UeL, even if we use a different setup, and thus the τ → eγ
decay rate is expected to be smaller than the τ → μγ decay
rate. However, if the U -moduli contribution dominates, those
two decay rates can be comparable since the (1,3) and the
(2,3) elements in AUe are comparable. So measuring the ratio
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of the U -moduli contribution.
4.2. EDM
The other important observables to select the sources of LFV
are the EDMs of the electron and the muon. If the trilinear scalar
coupling A0 and the higgsino mass μ are complex parameters,
the EDMs can be large even if we do not have any source of
LFV violation. However, if those are complex in general, the
EDM of the electron can be too large compared to the exper-
imental bounds when the slepton masses are less than around
1 TeV [22]. Thus a cancellation is needed in that case to sat-
isfy the bound. It is unnatural to have cancellations for both the
electron and the muon and thus the muon EDM will be large
enough to be detected in the future experiments [23]. It is often
assumed that the A0 and μ are real to satisfy the experimental
bound naturally. In this case, the amount of EDMs are related
to the source of LFV.
Let us suppose that A0 and μ are real and all the CP phases
are in the Yukawa couplings. The EDMs are imaginary part of
the amplitude of the loop diagram. Since in the diagram, where
the chirality flipping vertex does not include CP phase in gener-
ation mixings, the Bino–Bino diagram dominates the EDM cal-
culation. The imaginary parts of (Ae)11 and (Ae)12m2e˜21 etc. in
the basis where the charged-lepton matrix is real and diagonal
can be also important. However, if the A-term is proportional
to the Yukawa coupling, such imaginary parts are small. The
electron EDM can be proportional to μ tanβmτ when the (1,3)
mixings for both left- and right-handed slepton mass matrices
are generated. If the neutrino Dirac Yukawa coupling is the
only source of LFV, the off-diagonal elements of right-handed
slepton mass matrix are very small and consequently, the EDM
of the electron is small, de ∼ 10−33 e cm. Even in the type I
seesaw with generic right-handed Majorana mass matrix, the
electron EDM is at most de ∼ 10−29 e cm [24]. If the U -moduli
is a source of LFV processes, the off-diagonal elements for both
left- and right-handed slepton mass matrices can be generated
and thus the electron EDM can be enhanced to reach the cur-
rent experimental bound |de| < 1.6 × 10−27 e cm [19]. Hence,
the electron EDM is an important observable to see whether the
LFV arises from only the neutrino Dirac Yukawa coupling or
not.
In the intersecting D-brane models, if we assume that the
F -term of moduli does not have any phase then A0 does not
get any phase. The phase of the higgsino mass depends on the
model, but it may be related to the SUSY breaking parameters
and thus can be real in such an assumption. On the other hand,
the Yukawa couplings can be complex if we include the Wilson
line phases in the theta function [5]. Then the U -moduli con-
tribution of the A term can be generically complex while A0 is
real.
We plot the electron EDM and the branching ratio of
μ → eγ in the Fig. 3 in the case where the U -moduli con-
tribution is large enough using the same input for the SUSY
breaking parameters as before. In this case, the values differ-
ent from what has be shown for the neutrino Dirac YukawaFig. 3. Plots for electron EDM and branching ratio of μ → eγ . In the plot, the
slepton mass at the cutoff scale is varied with 50 GeV steps. Dashed lines are
drawn for the current experimental bounds at 90% CL.
couplings do not change the plot very much since the chargino
diagram does not contribute to the EDM. In general each com-
ponent of AUe can be complex independently. In the plot, we
take the overall factor for the U moduli contribution c to be pure
imaginary for simplicity. The EDM can easily saturate the cur-
rent experimental bound. For larger m0, the Aevd contribution
is larger compared to the μ tanβmτ part in the left–right slep-
ton mixing while for smaller m0 (< 400 GeV), the μ tanβmτ
contribution becomes larger than the Aevd part. This is because
μ tanβmτ contribution needs triple mass insertion in the Bino
diagram and thus the amplitude is suppressed by larger power
of m0 than the Aevd contribution which can be produced by a
single mass insertion.
The presence of large complex Majorana couplings can also
saturate the EDM bound when μ tanβmτ contribution is large
for light sleptons. The Aevd part is small when U -moduli con-
tribution is absent. When sleptons are heavy (depending on
μ tanβ), the μ tanβ mτ contribution is suppressed due to the
triple mass insertion and thus the EDM becomes smaller for a
fixed Br(μ → eγ ), comparing to the case when the U -moduli
contribution is dominant.
The muon EDM is dμ ∼ 10−26–10−24 e cm as long as the
bound for de is satisfied and there is no huge cancellation in de.
The ratio of the EDMs does not depend on the ratio of the cor-
responding charged lepton masses, dμ/de = mμ/me .
5. Conclusions
We have discussed the flavor sector in the intersecting D-
brane models. In the D-brane models, the low energy effective
action for the zero modes such as particles in MSSM can be
calculated using the geometrical parameters. The neutrino mix-
ing is elegantly realized in the context of the almost rank 1
Yukawa matrix. The flavor degeneracy of SUSY breaking scalar
masses are realized when the generation is simply replicated at
the intersection of the D-branes. The non-proportional part of
the scalar trilinear coupling is obtained when the F -term of the
U -moduli is not zero.
Emphasizing the flavor degeneracy of SUSY breaking scalar
masses in these models, we study the lepton flavor violating
B. Dutta, Y. Mimura / Physics Letters B 638 (2006) 239–245 245processes. The U -moduli contribution of the scalar trilinear
coupling can be the source of lepton flavor violation as well
as the neutrino Dirac and Majorana Yukawa couplings which
are included in the MSSM plus right-handed neutrino.
We calculate the branching ratios of the LFV decays and the
EDM of the electron de. The observations of the de and the ratio
of the branching ratios for μ → eγ , τ → μγ and τ → eγ are
important to sort out the sources of LFV as shown in the Fig. 2.
The U -moduli contribution in our scheme can saturate the cur-
rent experimental bounds for de as well as the Br(μ → eγ ).
The U -moduli contribution in the trilinear scalar coupling
can make Br(τ → eγ )/Br(τ → μγ ) to be order 1. In the mod-
els where the Dirac neutrino or the Majorana couplings are the
primary sources of LFV, this ratio is much smaller than 1. In
order to completely sort out the LFV sources from the ratio of
the branching ratios, the τ LFV decays with branching ratio
10−9–10−10 need to be at least measured. At present, the upper
bound on the branching ratio of τ → μγ is 6.8×10−8 [11] and
this bound can be improved to 10−10 at the ILC-Super B [25].
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